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AHANU3 YYTYHA METOAOM ONTHUYECKON 3IMUCCUOHHOW

CNEKTPOMETPUM TNEWLWWENrO PA3PAAA HA NMPUBOPAX
SPECTRUMA GDA

M. MuHbepe, T.Hemue, MA.Kaqironwe
AHINUTIHYECKHIA UEHTD KOoMAaHus SPECTRO
Bowirpacee 10, Knese, Nepmanvg
service@spectra.com

B CTaree ONUCEHO PELUEHWE 330344 ONPEASNeHHA XWMHYECKOrD COCTABA YYryHa METOLOM ONTHYEs-
KO 3MWCCWOHHOM CNEXTOOMETRMM TNEIOWEro pasproa. MoKasaHa BoaMOKHOCT NpoEegeHMA OBbLaMHOrD
ananmza Gencro W Ceporo YyryHa G MCRONL3OBAHVEM 3TOMC METoNA. [na GOoNsWWMHCTEE SNEMEHTOE aoc-
TUrawTCA Npefens oBHapyxedva menee 10 ppm, BOCNPOM3EOAMMOCTE Nyulle 1 % gaxe ONA HU3KWMX
conepxaHui. NpUBeaeHo CpaBHEHWE BOIMOXHOCTEH GDA CNeKTPOMETPOR © BOIMOKHOGTAMK WCKposaA
ONTUHECKOH 3IMUCCHOHHOW CNEKTROMETDMK.

Beepenne

Hy¥TYH HCMONBIYETCA B METATIYPIHI 1 KaK Moy -
dafpHKaT 1 B KaUecTBe KOHEYHOro NPOIYKTA MNpo-
H3BOACTEA, (Co0eHHOCTRED UVTYVHA ARTASTCH BRICD-
HOE COAEepIKaAHMNE YTIEPoala H KpeMHHA. THIIHYHOe
COfepHEANNE VIIEPOLa coCTaBaAeT cBbittue 3 %, a
KpeMHHA. 06bIMHO, cBbiie 2 %. MapraHew, docdop.
Cepa H MarHHii TAKIKE OYEHb BAXHEI IR KOHTPOA,
T.K. OHH HanpAMYI0 CBA3aHbI C NPOLUECCOM TNepepa-
GoTeM yyTyHa. TuTaH. 01080, MBILUBAK. CBHHEL ¢
APYTHE 3MEMEHThI YACTO MPEeACTABIEHE] HA YPOBHE
CAEA0BRIX coAepannil, Paanuunoe conepxaHue
3THX 31EMEHTOB OKa3bIBAET BIHAHHE Ha hopMUpo-
BaHME paaTHHHEL dops rpadiTa. MoaToMy 3TH 3ne-
MEHTEI TAKKE BAMHEI [LTA KOHTPOIA.

HYTYH XapaKTEePHAYETCA HE TO/IBKO XMMHUHMECHHM
COCTABOM . HO i KPUCT AT HeCKON CTPYETYpoit. [Tpo-
OBl ¢ OOMHAKOBBIM XHMHYECKHM COCTABOM MOCYT
GBITE peJcTaB/IeHE! B PAZTHYHBIX KPHCTALTHYeC-
KX CTDYKTYPAX. 3aBHCALLMX OT [poLecea repepa-
BoTri. B 4acTHOCTH. MPOLIECC OXTAMACHHA pacnia-
Ba YyTYHA HMEET pelialoLee 3HaYeHHE A PopMi-
POBaHMA KOHEYHOH KPHCTALTMYECKOH CTPYKTY DRI
ofipa3ua. Peakoe oxnamieHHe paciUiaBa NPHBOIUT
K 06pasoBaHHI0 CTPYKTYPEI ueMeHTHTa B2, C. THnHy-
Hoit 1na «Benoro HyTyHas. MeaneHHoe oxnaKIeHHe
paciasa noseonAeT ofpazopaTecA rpadHTOBEIM
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BEMIOYeHHMAM, Pe3yIETATOM Yero ARTASTCA CTRYETY -
A «CepOoro YyTYHAas,

[paduTOBLIE BRIIOYEHHA MOTYT GbITE ILTACTHH-
HATBIMM MM IapoBHaHEIMH. JobasneHiie Martita
WIH pegr03eMe/IbHBIN NEMEHTOB, TAHMX KA K [epHIi,
= CTAHJAPTHAA TEXHOMOrMA [/19 NOTyHeHHA roby -
JIAPHOTD BEICOKOMIPOYHOTD MyTYHA € A POBMIHEIME
BEparuIeHHAMH rpadura. SdierTHEHOCTE foBanok
Mg cHIIHaeTCA B peayisTare npouecca ofpasosatuA
MgS [cynedypHzaUHy), M Mo3ToMY MobYIAPHEBI 1y
['VH cofepHtiT HeGoNbIIOS KOMHYLCTRO CepDbl.

INepennas ceporo YyTVHA MAMEHAET ero CTPYVETY -
py Gnarogapa pacTeopeHHio cEoGoHEX rpad M TOBEDK
BEMKYEHUI W MMO3BOIAET NOMYYHTL Genblit dyTyH.
2710 00BEIHHO HCITONAE3YETCH, KOLIA CepRIH HYTYH aHa-
JHU3UDYIOT METOIOM MCKDOBOH OOTHYECHDE CIIEKT-
POMETPHH.

JlerupyolHe 31eMeHTh], TAKMEe KAk Melb, HH-
Kenlb, Xpou, MoAMBIeH M OpYTHe, MOTYT M3MEHATE
XApaKTEPHCTHKHM 4yTyHa. JofaBneHne HHKeNA B
SHAYHUTENEHED KOTHYECTEAX, HATIPHMED. I03BOJIA-
&T MOTYHHTB «Ni-yCToORHHBBIEH HYTYH, KOTOPLIH He-
YYBCTBHTEICH K TEMIIe DATYPHEIM Mepernanan.

HoMmnaxuua SPECTRO npeanaraeT cHoTeMbl JI7TH
AHATH3A YYTYHA KAk C HCKPOBBIM HCTOYHHEOM BO3-
Sy IeHHMA CIIEKTPA. TaKk M © HCTOYHHKOM TAEIOLIETD
paspAga. HecMoTps Ha To. 4To dHanHecKHe VEI0-
BHA paboTe ofeMx cHCTEM HMMEIOT 3HAYMTEIEHOE
PasmUYHe. X AHAIHTHYECHME XaPAKTEPHCTHEN
JOCTATOMHO O1H3KH. (08 TeXHHKH OTBEUAT TPedo-
BAHMAM TUTeHHON MPOMBILITEHHOCTH B 00/1A0TH
aHanuaa.

SPECTRO 0661410 peROMEHIYET HCNOAL3OBATE
HCKPOBYI0 3MHCCHOHHYIO CTIEKTPOMETPHED LA pe-
IIEHHA AHAMHTHYECKHUX 3a0a4 B METALTYprun Gaa-
roJAPA NpocTOTE HCMOMBIOBAHHA K BRICOKOH cRopO-
CTH aHaIM3a.

C opyToii cTOpOHEL TNEWIHA PA3PAL PEKOMEH-
IVIOT HMCIIOIB30BATE B DY HAAN, KOrIAa HenlXoLHMo
MOMYUMUTE [PEICTARIEHME 0 DACOPEIe TeHHIT 3)1e-
mMeHTa B olipasie no riyGnne.

BraroaapA cHHMEHM D MaTPHYHBL 3dheRToB 1
BRICOECH THHEITHOCTH Mpa Iy PoBOUHBIN FPadiKOE,
O3CTP -0nTiHyeckan 3MUCCHOHHAA CeKTpoMeT-
pua Taemwero Pazpana (Glow Discharge Optical
Emission Spectroscopy - GDOES] pexoMmeHayeTcH,
KOrIA HeoJXoIHMo NPeaHATHIHPOBATE UV TYHEL pas-
JUYHOrO BHIA. HCNOME3YA QUKCHPOBAHHBIE MPATY-
HpOBOYHEIE TPapHEM.

IMpuanun Texunky OIC TIe0mero paspaga

HanuHan craThd ChoKyCHPOBAHA HA OPeHMYLIe-
CTBaX cliekTpoMeTpa Spectruma GDA 750 HP ana
06 BEMHOM aHaMH3a SYTYHA [00LWIHHA BHI CIEKTPO-
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METpa NpefcTabdeH Ha pHc. 1). Tarie MoKazaHsl
OpeHMYyLISCTEA HCMTONEI0BAHMA TEXHHKH CIISKTPO-
METPHH TIELUErc Pa3pAla V1A aHATH3a YYTYHA 10
CpaBHEHHI) ¢ TPAJHIHOHHEIME HCHPOBBIMH METO-
Nami 00BeMHOre aHaMH3a YyTyHAa.

Puec.1. O6wwWh eua nprBopa “Spactruma GDA 750 HP®

CeeTopoil HCTOUHHK TICHIIEro PA3pAgA

Kamepa TASOMISro paspAia ¢ [MoJbIM KaTogoM
HCIOMB3YETCA B CIEKTPOMETPE KAK HCTOYHHEK BO3-
BysnennA cnexkTpa, Jpa afneKTpoaa B paIipAIHoiE Ka-
Mepe B BHie TpyG4YaTeIX 2a3eMAeHHBIX MeIHEIX
TpyOoK cNelaIbHO MpeIHasHaYeHEl ATA aHaIH-
aa maockHX npob. [Tpoba aaxpeIPAET PAIPAIHYIO
KaMepy, GaarogapA 4eMy yYcTaHoBHA Npolbl I0A
AHATH3A 4PLe3aBRIYAfiHo IPOCTa. NeKTPHYLCHAN
MOLHOCTh (IOJAETCA K I'[].'.I(]ﬁt" HAMPHMY . Moaeo-
AMTCHA PETYIHPYEMOE OTPHUATENBHOE HAMPANE-
Hiie 1o 900 B. MaoM-HoCHTEAeM BLICTYIIAET BbI-
CORDOYMIIEHHEI aprod (YHCTOTa He Xy#e 3.6).
lapineHHe AproHa B KAMepEe NoAJe pHUBAETCA OHD-
g0 4 [Ta. MoToOK 1 JaBleHHE aproHa peryiHipyoT
TakiM obpazos. dTolel TOAAEPHNBATD TOK pas-
paAga pasHeiv 40 MA. B npeaenax aToro ycliosMA
moTok apreda o 0.21 n1/MiH ofecnednpasT ra-
PAHTHPOBAHHYIO OUHCTEY PA3PALHON KAMEPLI 10
VPOBHA, HeobBxoanamoro 18 anantaa.

[laazma coagaeTcA BHYTPH TpYOUaTOro 3a3em-
JAeHHOMO aHoaa (pue.2). [Mpoda BRICTYTIACT B POJIH KA -
TOAA, MOAARALMANA ATEKTPHYLCKAA MOLLHOCTR 00ec-
neYyHBaeT BOZHHKHOBEHNE H MOAIeD#HAHHE [L1a3MEL
B rutassie reHepupyioTeA HoHE AproHa 1 ceolo/HBEe
ieRTpokbL | 1). PA3HOCTE MOTEHLMANIOB MEHUTY M/1a3-
MO 1 pofoii PRIZEIBAST JBHUHEHME HOHOB APro-
Ha K mosepxHocTH npode! (2], Houwer GomGapaupy-
0T MOBEPXHOCTE NPo0E! ¢ KMHETHYECHOH 3He prueii
A0 100 3B (3). Ira bombapaupoBKa NPHBOINT K MTpo-
Hecey MenapeHHA ATOMOB, KOTOPEIE TOKHUIAKT 0-
BEPXHOCTE Npobkl ¢ NPUEMHAHTENBHON KHHeTHYeC-
woH aHepried 100 2B (4). BropHyiHbIE WIEKTPOHBI,
BOBHHKAOIIHE B ILTa3Me, IOIIeDHMBAIOT € AKTHR-
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HOCTL. ATOMBI JHGPYHIHPYIOT B ILTA3MY, LIS OHH
MOoryT BuITE Boaby:aeHs (7) MIH HOHM3HPOBAHLI B
pesynLTaTe CTOMKHOBEHHIA C BTOPHYHBIMH 3JIEKTPO-
HaMH. HOHAMH aproHa WK MeTACTABMIBHBIMK aTO-
mami aproHa (5). Boaly»oeHHEIE ATOMBI 2 HATMIH-
pPyeMOro BelliecTBa BOIBPAIIAIOTCR Ha cTabuneHbI1l
SHEPTETHYECKHI YPOBEHDb C HCTIyCRAHHEM XapaKkTe-
pHeTHYecKoro Haaydenud (6). CnexTp xapaxTepc-
THHECKOr0 ATy YeHHA HA(/MIONaeTCA Yepes CMOTRO-
BOE OKHO.

Puc.2. Npouscc ofpa3oeaHUa nNaiMs

iHagecTHO. MTO ATOME! AHATHM3NDYEMOrO Belle-
CTBa BO36GYHAAOTCA B IUTa3Me Moce MX HeNapeHHA
€ noBepXHocTH Npobs! 8 armocdepe aproHa. Paase-
JeHHE NPOLIECCOB HCNAPEHMA C MUBEPXHOCTH H BO3-
Gy#eHHA aTOMOB, TaK e KaK 1 HX paabapneHue B
aproHosoii nuasme, genatot Meton GDOES B aHauw-
TeNbHOM CTeNeHH He3aBHCHMBIM 0T MATPHYHBIX 3¢-
dexTos. HA3kaA IoTHOCTE aTOMOB AHATHTA B [L1a3-
Me MPUBOIUT K CHIKeH MO 3derTa caMOoIorowe-
HHUA W ofecneuHBAST, TAKUM 00pasoM. BRICOKYIO M-
HEAHOCTL I'PATYHPOBOYHBIX KPHBBLX,

PaapanuaA kaMmepa pazpafoTaHa Tax, 4Tobsl no-
JY4YMTE IIOCKHI KpaTep HenapeHHa. CpeHAA 3Hep-
riA GomGapaupyolHx mpoly HOHOB AProHa CoCTas-
naer He Gosee 100 aB. Mouw aprosa ¢ TAKMM HKA3-
KM 3HAYEHHEM SHEPrHH He MPOHHKAIOT NTyGoko B
noBepXHOCTEL 00paaua. ToNbKO PACTONMHEHHEIE BO
BHELLIHHX C/ICAX ATOMBI MOKHAAT [OBEPXHOCT 1po-
6e1. KHomOMHaLMA NJI0CKOTO JHA KpaTepa Mcnape-
HHA ¥ YMepeHHada sHeprua SoMGapaupyrOUIIHx
HoHoB ofecrieynBaeT xopotliee nocoiHoe paaperue-
e GDA 750. 3To no3BoNAET ONpedelATh XHMHYeC-
Kt cocras npobel cioft aa cnoeM OT NOBEPXHOCTH B
ry0s MaTepHana.
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Onmuueckan cucmema

OnTHdeckan DeTeKTHPYIOLAA cHeTeMa paapabo-
TaHa B BHIE MoIHKPoMaTopa, OCHOBAHHOIO Ha KOH-
turypaums lNaweHa-Pywre, [MoauxpoMaTop nosso-
JIAET NPOBOAMTE OOTHOBPEMEHHOE OTIPENeneHHe 1o 64
anemeHTOR. [ToMMxpoMaTop ocHALIEeH AH(PPAKLHOH-
o pewreTroi 2400 tuTpuxos/mM, hoKycHoe pac-
cToAHKe cocTaeaAeTt 750 my. Bee mudpakioHHEIE
peLueTkH, Henonkayemsle s Spectruma GDA 750 HE.
npouraseneHs komnaHueit SPFECTRO. [Noamxpoma-
TOP BAKYYMHPOBAH JIA PACIIHPEHHA CEKTPanEHO-
ro AUanasoHa, BIOTE 00 LTHH BOMH BAKYYMHOrO
yAsTpatpHoseTa, YT NO3B0AAET HabNI0AATE CIIeKT-
pPalbHEIE TMHUH ¢ ATHHOH BOJHEI DopAaxa 120 Hu.
TakHe aeMeHThl Kak Yiepad, cepa U docdop, Mo-
r¥T ObITE AEMKO OITPeJe/IeHbL IIPH HCMOTEI0BAHHH HX
CaMbIX HHTEHCHBHBIX CNEKTPaNnbHBIX THHHIA, 1eka-
miMx B 3Tol 061acTH cliekTpa.

MonuxpoMAaTop ocHAallleH creljHANBHo NoAo0paH-
HbIMH POTOYMHOMUTETAMM C 3HCTPEMANBHO IIHPO-
KHM OHHaMHYEeCKHM gHanasoHdoM, Gnarogapa demy
AHATHTHYECKHE BOMOKHOCTH HE THMHTHPYIOTCA
CHCTEMOH JETEKTHPOBAHHKA.

HaBop CCD-aeTeKTOpOB MOMET OBITE pACIIHPEH
DA IOTHOrS HCNONE30BaHHMA CIeKTDA/TEHOTo JHa-
nazoHa oT 200 no B00 uM. BTo nobasnaeT rbrkocTH
Py Beifope CrneRTpankHLIX THHKN onpeJenfieMeIx
AEMEHTOB.

[NpofonogroToBKa

MogroroBka Npofkl HMEET OMEHE CYIIIECTBEHHOE
3HAYEHUE IIA TPAIHMLUMOHHOI MCKPOBOH oNTHYeC-
KOl 3MHCCHOHHON coekTpoMeTpuH. [pHrogHeIe
fpofisl YyTyHa MOFYT ObITE NOTYYeHb] My TEM [Tepe-
nnaea. BelcTpoe oxnaxdaenne TpebyeTca 4nA nomy-
4eHHA Benoro 4yTyHa. THnH4HaA npoba oxnasneH-
HOTO YYTYHA MMEeT TOMILIIMHY 4 MM.

Jna ymdineHHA BOCTIPOHABOIHMMOCTH NpoGono-
TOTOBKEA JOMHHA BRNKYATE LLITH I¢JDE~&HHE KamMHeM
M OKOHYATENLHYI0 UUTHOBKY C HCNoIB30BaHHeM a5-
pasueHoii GymMari. B cmyyae, ecii NopeprHOCTEL 06-
pa3ua He MoAroToB/IeHa JoMHHEIM ofpa3oM, Xopo-
UIHE AHATHTHYECKHE DE3YILTATEI MOMHO IOMYUHTE
MpH YBEIHYEHHH BpeMeHH MpelBapHTelsHoro of-
swura npobsel. SPECTRO MomkeT MPei1oMHTE CrIeLH-
ansHElE ULTHGOBATEHEE JUCKH N8 NOOTOTOBKM
MOBEPXHOCTH Mpol YyTyHAa.

Bo ppena npobonoaroroekn Heobxogumo obecne-
YKMTEOTCYTCTEHE Ype3MepHOro HAarpesa oGpasua. TE.
3TO MOMET NPHBECTH K MAMEHeHWI0 XHMHUYerKoro
COCTABA MOBEPXHOCTH NPoSEL. [ToTyveHHEIR B 3TOM
ciy4yae aHATHTHYECKHUe peaylbTaThl GyayT He-
NpPEeACTABHTENEHBIMH IJIA Beero o6 bema npobeL.

[logroToRneHHAA Npoba AomkHa GLITh Z0CTATOY-
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HO GOMBIIOTO PASMEpPa [UTA BOSMOMHOCTH [IpoBeIe-
HHA aHATH33 B pAIHYHEIX TOUKaX, UTO MO3BONAET
MpPOBECTH YCPEeIHEHHE M CTATHCTHYECKYI0 00paboT-
K}I'EIHE.I'IHTH'-IECHHK PE'.:‘}"JI!JTETGB.

TMpH HCTIONMLEA0RAHKH CTAHOAPTHOIC AHOAA IHA-
MEeTpoM 4 MM MHHHMANLHEN paamep npobsl Aof-
¥eH OBITh 13 MM B IMaMeTpe ANA IUTOTHOTO 3AKPLI-
THA AHANHTHYECHOH 30HBI VITOTHHUTENBHBIM KO/Th-
toM. O6pasLkl MeHBLLIETO Pa3Mepa MOTyT GLITE IPO-
aHANMAMPOBAHE] C HCTIONBIOBAHHMEM CEHANTLHO-
roaHoga guaMerpon 2,5 MM,

JoHa aHaTH3a Jo/iHA ObITh VIAIEHA OT LIEHTPA
npo6el, [Ie MOTYT IPHCYTCTBOBATE CErPETAlMOHHbIE
BRJIIOYEHMA. B MPOTHBHOM C/Ty4ae. IOKANbHBIH XH-
MUUECKHE coCTaB He Gy/leT XapaKTePHA0BATE BCH

rrpaly.

IMapaMeTpLI AHANHIA

YyTVH ABNAETCR OTHOCHTENBHO NPOYMHBIM MATE-
pHanoM, U CTENEHb €rd HCapeHUA BO BPEMA aHa-
K133 HeREICOKA. B cTaHJApPTHEX YCIOBHAX AHANN-
aa afnALHUA COCTARNALST B Ipegenax 4 MEM B MUHY-
TY. UyTYH HMEeT BRICOKYIO TEPMHYECKYO YeTO M-
BOCTE B CPABHEHHNH ¢ TAHHMM HH3HOILTABKHMH Ma-
TepHaIaMi, Kak LHHK, 0IoBO WK cBHHel. [Tapa-
MEeTDBI [U1a3Mbl TPH aHATH3E YyTYHA A0THHE DbITE

nocTaTovHo mecTrHe. Jia aHoga ¢ aHaMeTpoM 4 MM
ONMTHMATBHBIM ARTAESTCA HCIIIBI0BAHME HAITDAKE-
uiA ot 900 mo 1000 B v Toxa paapana a0 40 MA. 3TH
YCNOBHA OGECTIENIBAIOT MOLHOCTE ILTA3MBI 0k010 40
Bt 1 nioTHocTE paspafa 3 Br/mm?. [epen axami-
30M CIIEKTPOMETP aBTOMAaTHYeCKH NMPOH3BOSHUT
[pegBapHTENEHBIA 06KUr 1pobel. 3TO MO3IBONAET
YIATHMTE BHELMHHI colf npobsl, KoTOpbI 00BIYHO
He ABNAESTCA [TPEACTaBHTENBHEBIM J1A XHMHYECHKOTo
coctasa scelt npobel. Bpema, Tpefyemoe 11 aBTo-
MATHYECKOr0 [IPOLecca OUHCTHE, ONPeIeTASTCH Co-
cToRHMeM noBepxHocTH npolel. 17 Genoro yyryHa
NpH cTAGHNbHBIX YCIOBHAX ILTA3MEL [IPEACTARH TENb-
HBI XHMHYeCKH cocTas Mpo6bl MOMKHO NOMY4YHTE
nocne 60 cexyHT o0KHTa.

[MpH KOMWYECTBEHHOM NOCIOHHOM aHANH3e ce-
POro YyTYHA, T.€. [pH H3MEPEHHH XHMHYECKOro co-
cTapa Kak PYHKUMH T rySHHEL, MOXKHO YBHIETE
CHMHEHHE COOEPHaHKA YIMepoJa ¥ MoOBEPXHOCTH
ofpaaua. KOHUEHTPAUKA YyIIEpoda, YBeTHYHBaA-
ACK. JUCTHTAET NOCTOAHHOIO YPOBHA Ha MyGHHE
okoj0 15 MiM. THNHYHEIE PEIYILTAT! TOCACHHO-
ro KoMHYecTBeHHOrD AHAMK3A OpeCTaABIeHbl Ha
puc.3. Becoseie akTopb! AMA 3TeMEHTOB DA3THY-
HbI 1A MOIy4eHHA ONTHMANBHOro rpad4eckoro
HaoGpameHHA.
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MnySuHa npoGol, MEM

Puc.3. Mamarervws copepwanna anemenTos (wac. %) no rnybune npobiod (Mem)

B cooTeeTCTRHH C IPHUBENEHHOH 00/1acThio HEpas-
HOMEPHOCTH pacipeleTeHUR 3MTeMEHTOR H CKOpOC-
TEEO HCNAPEHMA NPobsl A NOMYHeHMA NPLJcTaBH-
Te/EHBIX PE3YBTATOR COAEPHAHUA YTIEpOa B Ce-
pOM 4yTyHe Heo0xXoaHMo NpoBoanTE H3MEPEHHA B
Tegerne 400 cernyHa. B 3ToM cy4ae BpeMA npensa-
pUTensHoro 0b:kiura npofel ceporo 4yTyHa BeifMpa-

eTcA oko1o 200 cexyHa | Goaee,

JTOT OPUMER WIKCTPHPYET BOAMOMHOCTH
GDOES nnAaHanM3a ceporo WyTyHa. [naama uena-
PAET MOBEPXHOCTE Mpobsl, XMMHYECKHMH COCTAB KO-
TOpo# MomeT ObITh HePeACTARH TEIBbHEIM JUIA Beet
mpotel. BoaMoxHOCTE NOC/IoHHOMe aHANK3Aa [TPH He-
noasaceaHMK GDOES mo3eoNAeT ONTHMH3HPOEATE
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YCIOBMA [IPOBEACHHA AHANHAA B 3aBHCHMOCTH OT
nocrabBleHHoH aanayu, Texuonorua GDOES no-
3BOAAET TAKKE [IPOBOAHTEL ONPEIEIeHHE CIea0-
BBIX COOepaHHi 2IEMEHTOR B 32BHCHMOCTH OT
rnySHHLL

LLI1poko MaBeCTHEIE B MCKEPOBOH aMHMCCHOHHOH
CIIEKTPOCHOMMH MaTpHYHELe athdekTrl CylIeCTBEH-
HO CHMMAOTCA B TeXxHomorind GDOES, B yacTHOCTH.
obpasopanue B npobe MnS He BIMAET Ha AHATMTH-
YECKHEe Pe3yIETATHI, T.H. MA3Ma MOKPbIBAET BCHD
TOBEPXHOCTE Mpobbl, OrpaHMYeHHYI0 BHYTPEHHHM
JHaMeTpOM aHOIE.

AHANTHTHYCCKHE NPOTrPAMMBI

H KATRGpOBOYHEIE KDHBLIE

AHATHTHYECKHE [POrpaMMBIL YCTAHOBNEHE HA
npuGop ¢ MCMOML30BAHMEM CePTHRHIMPOBAHHBIX
CTaHaapTHLIX 00pastos 01A ofecnexeHHA NoTyYe-
HIA IPABHIBHELX PE3yETATOR, PaamiyHble NocTas-
ILIMKH MpeqAaranT pasHoobpasHele cTaHAaPTHEIE

o0paausl cocTaBa MaTepuanoB. [U1a KanubpoBKH
npHbopa UCIoILAYIOT CepHIo CTAHIAPTHRIX ofpaa-
uos yytyHos CKD (232-238) 1 BAS CIRCA. Tumuy-
Haa kamnbposka nua GDOES Tpefyer Henonesosa-
HuA 5- 10 crangapTHex o6pasuos. OgHako 6naro-
JAapA BEICOKOH TMHEHHOCTH rpalyHpoBoYHELL Ipa-
(hHKOB MOMKHO J0CTHYL OYLHE XOPOLUMX PeayNbTaToR
OaHe MPH HCToTBI0BAHHH TOMBKO 2 CTARHIAPTHEIX
o0pa3uos, HO 3TOT METO,] MEl HE PEKOMEHIYEM MC-
MOILAOBATE [UTA HENPOTECTHPOBAHHELX CTAHAADTOB,
T.K. HCMoNB30BaHMe OOMBIIETO HHCIA CTEHIAPTHEIY
00pa3les M03B0/IAET YMEHBILHTE BRI 10T PELUHO-
cTel, HMEIOLIHXCA BO BCeX CTAHAAPTHELX MaTepHa-
Jax.

TMNHYHEIE AHAMHTHYECKHE DO DAaMMBI MOKpPbI-
BAOT THAMAIOHE! KOHUSHTPAU M, NpUBeIeHHEIE B
Tafn. l. CHcok 3fMeMeHTOR He ARTASTCA NOMHBIM,
Bee HiTepecyolie 31eMEHTE MOTYT OBITE Olpeae-
JIeHBI ¢ HCMOLAOBAHHEM AJEKBATHRIX CTAHIAPTHBIX
obpaaucs.

TaGnwua 1
KEHUEHTPEUWOHHLIE AWANA30HE TMMMYHEIE SHAMUTHHECKMY NPOTPaMM SNA YyTyHa
Owanazou SnemeHT
C | Si| Mn P 5 Mi Cr Ti Sn Mo Cu Mg v Cu
MiHumyns | 1,3 (0,3 | 005 0,002 | 00005 (0,002 | 0,002 | 0,001 | 0,001 0,002 | 0,002 0,002 ( 0,001 0,01
Mac. %
Makcumym, | 52 (45| 24 1,0 02 30 | 25 0,2 0,3 1.5 1.0 0.1 05 |15
mac. % .

Mpagyupopousble rpafHEH CTPOAT. HCNIOME3YA
MeToA BHYTpeHHero ctangapta. OBeIYHO BHYVT-
PEHHHM CTAHAAPTOM AB/AASTCA IHHHA JIEMEHTA
OCHOBBI, /18 4¥TYHa - #ejle3a. Bee HaMepeHHbIe
HHTEHCHBHOCTH 2HAJHMTOB HOPMAIH3YIOTCA Ha
OAHOBPEMEHHO H3MEPEHHY10 MHTEHCHBHOCTh M-
HHH #efesa. ITo NO3IBONAET CHOPPEKTHPOBATE BOE
HeGoABIIHE HAMEHEHHA NAPAMETPOB MAAa3MEl B
30HEe pa3apAfa, BIHMAKLIHE HAa HHTEHCHBHOCTh
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AHATUTHYECKHX JHHMI,

Ha puc.4 npueefeHbl HEKOTOPBIE THITHYHBIE Fpa-
OIVHpoBoYHble rpadki. Bricokan nMHeAHOCT rpa-
PUEOB NO3BOIAST YMEHBLIMTE YHC/I0 CTAHIAPTHEIX
ofpastos, 0AHAKD HE MEHEE BAXHO YBEAHYHUTE TOY-
HOCTh. KOrJA rpagyHpoBOMHEIE KPHBRIE 3KCTPAND-
aupyioTed. B Tatn.2 npueeteHs! koadinuienTel
HOPPETALNK ANA NOCTPOeHHBIX BEILIE IPaTyHPOBOH-
HBIX rpadikos,

1080-W32%{ Sil/WS [ Fe) Si (288,157 um)
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W%(P) P (177,498 Hm) W ENI) Ni (349,296 um)
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Puc.4, MpagyWpoBaYHble rpadmmn ana onpenenaawa C, Si, PN, Cru S o wyryne

TaGnuua 2
NUHeRROETs FPaAYHPoBOYHELX rpathuloe

SnEMeHT c Si hn F S Mi
KoatbthumumeHT koppenauwnr' | 0,998 | 0,999 | 09999 099998 ( 0,993 | 09995

Peaynerarhl B paanMyHBX TOYKAX Mpolsl YyTyHA. CXOAHMOCTE pe-
TpHBeneHHAA HIDRe Tabn. 3 00 beIMHAET HEKOTO-  3YILTATOBIYHLUIE, HeM | %, CpaBPHHMA CO CXOAHMOC-
phi€ THOWYHEIE DEIVAETATE! AHATHAA NPo0el UYTY-  ThIO HCKPOBOH ONTUHECKOH 3IMHCCHOHHOHN CIEKTRO-
Ha MeTogoM GDOES Ha gjeMoHOTPAIHOHHOM NpPH-  METPHH,
Gope SPECTRO. AHannas! Geini nosTopeHst 10 pas
TaGnmua 3
AWaniz JyryHa metogom GOOES
SnemeHT SnemeHT
Fe(Rest)| C Si Mn P s | cr Cu
Cogepwanue, mac.% 92,06 2659 | 1011 | 1,924 0,789 0,032 0,441 0,165
CraHaapTHOS OTKNOHEHWE 0,017 00087 | 0,009 | 0013 0,0056 | 00008 | 00017 | 00038
OrHocuTensHoe cTaKnapTHos| 0,02 0.37 0,89 067 0,70 2,44 040 23
oTrIoHEHWE [%]

KpaTkoepemeHHas crabunbocTs GDA 750 HP  iowlero paspaza, Gnarojapd 4eMy MUHUMHMIMDYET-
JOCTUrAeTCH NIPH HCNO1b30BaHHH HeJaBHO paapa-  CH stbexT OIHOBPEMEHHOC [TONAJAHNA TAPOB BOAR!
GOTAHHOrO BOAMYXOOXIAKIAEMOr0o MCTOUHHKA T/Ie-  H BO3AYXA B pa3pA/IHyo kamepy. B To sie BpeMA Kpat-
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KoBpeMeHHaA cTabiNbHOCTS 0Gece YHBaeTCA BBICO-
KOTOUHEIM KOHTPOIEM HANPAMEHHA, TOKA H JARIe-
HHA aproHa BHYTPH KAMEpEL

Brarogapa TOUHOMY KOHTPONK TEMIEPATYPLI OM-
THHH JOCTHIA€TCA XOpOLUIadA OOJroBpeMEHHAR CTa-
GiweHocTE GDA 750 HE

AHATH3 YyTYHA

Spectruma GDA 750 HF noagoisaeT aHaANH3Hpo-
BatTh Oenbld YyTVH, NOMyHeHHEIH 3aKankoil nepes
aHam13oM. Kpome aToro, MokHO aHATH3HPOBATE CE-
perii 1 Sennlil YVTYH, MCNONB3YA OOHM H TE #e Cpa-
OyHpoBoYHble rpaduxy. [1A ceporo 4yryHa ecTh
TOJIBKO OQHO OTAHYHE, HECOXOIMMO UCTIONB30BATE

fonee ATMTENLHOE BPEMA [TPeIBaAPHTENBHOTO 00 -
ra rpofbl ANA HUBETHPOBAHMA BIMAHIA 30HE! HHA-
HOCD CONEpMAHMA VTIEPOAa HA KOHEYHbIe aHAMH-
THYECKHE PEIVAETATHL.

Ha pHc.5 nokasaHbl pelayALTATE! DOBTOPHEIX
2HAMH30B Npobel Ceporo YYryHa B OAHOA TO4YKE,
Jna kamaoro aHANH3a BPEMA NPeIBAPHTENBHOTO
obmura coctasnano 60 ceryua. Obuiee speMn of-
#Hra npobel coctasmto 870 cexyna. CtabunbHele
peaynsTaThl GBI JOCTUTHYTHI [IOCAE YETRIDEX
MOBTOPHBIX aHAMKa0B (Hau 250 cexyrua). OTHocH-
TEJABHOE CTAHJAPTHOE OTH/ICHEHHE [T0C/1e Mpedea-
puTensHoro ofxura ansa GDA 750 HP o6er4Ho Tyy-
e 1 %.
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Pre.5, CrabunbyocTe peaynsTaTos SHANKIA 4yryHa

B Ttafn.4 npHBeeHL] peayIETATE AHAIM3A [114-
CTHHYATOrO YyTYHA.

TaGnuua 4
F'Ei;‘_ll'ﬂhTﬂThl aHanuia NnacTHHYaTonn YyryHa
Bpewmn, sec Yrnepoq, mac %

B5 K]

130 2082

195 3,144

260 37

325 3189

350 3,207

455 3,203

520 3204

585 3,199

650 3,207

715 3,206

780 3,187

845 3179
CpeaHes 3,20

co 0,01

CKO [%] 0,32
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ITH JAHHEIE JeMOHCTPHPYIOT, YTO 8HANHI YyTY-
Ha, COIePHALIEro BRIKYEHHA cBofoaHoro rpadu-
Ta. MOHHO TPOBOAUT C HCMOIB30BAHMEM CIeKTRO-
seTpa Spectruma GDA 750 HP [Mocne vcnapeH#A
30HbI CHHMREHMA yTIepoaa (BpemA obuira ~ 300 cer)
cTabHIBHOCTE CHIHAMA CTAHOBMTCA JTYHLLE, yem 1 %4,

CTOMT OTMETHTE HEKOTOpPbIE OFpAHHYEHHA
GDOES gaa aHanuaa YyryHa. [[pH Hicnonb3oBaHH K
aHoZa gMaMeTpoM 4 MM AHATHIHPYeMAad MIoLWAkL
COCTABMAET OKOIO 12 sni?, Ecnit npofia s atoito61a-
CTH HETOMOTeHHA, TO AaHATHTHYECKHE DERYNLTATEI
GyayT HeBocnpoMaeodHMEL. B cmyvae, Korga e aHa-
MH3MpyeMoif ofnacTi ecTh KpynHbie rpadUToBbIE
BITIOYEHHA, HeoOXOOMMO NOBTOPHTE aHATHS B ApY-
rOM MECTE NpoLL

CpapHeHHE ¢ HCKPOBOH onrTHuecKoH

cnexTpoMeTpHedt

06e TEXHOIOIHH H HCKPOBAaA CIIEKTPOMETPHA H
GDOES uMeroT cRoH CHIBHBIE crietddHyeckie cTo-
POHBI H MpedMyLiecTsa. OCHOBHOE JOCTOHHCTBO
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GDOES - BoaMO¥KHOCTE I0CN0AHOr0 aHamMaa. Bripo-
yem, ofsiuHo Tpefyered ToNbKo o6beMHEIH aHaNN3
YyTYHA, HCKPOBAA TEXHONOTHA MO3BONAET OOCTATOY-
HO /ISTKC pellaTs AaHHYK 3a1a4y. B npenenax wu-
POKOTO CIIEKTPA MCKPOBLIX ONTHYECKMX 9IMHUCCHOH-

HBIX COCKTPOMETPOE KoMnanis SPECTRO MoxHO
penmTE GONBIIHHCTRO AHANTHTHYECKHX 3331,

B tab1.5 npHeefeHb! BCECTOPOHHKME CPABHEHKA
HCHPOBOH ONTHYECKOH 3MHMCCHOHHOH CIIERTPOMET-
PHH K CHEKTPOMETPHH TNIEHINErD DAPAA.

TaBnuua 5
CpasHenWA WCKpoBOA cnesTpomerpuu (O3C) u GDOES
Mapamerpe Mertopna aHanuaa
Weckposar O3C GDOES
MNpenens oBHapyxerws, ppm| < 10 <10
BocnpovaeogMmMocTs, % =05 -0,5
OBwee speMs aHanwaa, ¢ | <40 =120
NiHeAHOCTs rpactbMKoR Hwakan Bricokan
MaTpruHbIg ADDeKTH! MpHCyTCTBYVIOT MpakTyJecky OTCYTCTRYIOT
AHANW3 NOBERXHOCTA Her Oa
AHaNWM3 CEporo YyryHa BosmaoeH NpU ANMTENEHOM Npeasa-| Bosmomed npy 4NMTan:HoM NpeasapvTensHoOM
pUTENEHOM OBbICKpUBAHWK (Nepe-| obxre (McnapeHke 30HEI CHUHEHWA coaepa-
NNae aHANWTHHECKOW 30HLI) HiiA)
BakyymHbIA HAcoC Het Oa
JaKnoueRHe pPAdA M COSKTPOMETPHA BPEMEHHOIO pa3pelneHiA

B pauHoH cTAaThe MPpeaCcTaARNEHE! BO3MOMHOCTH
Spectruma GDA 750 HF ana rounoro u Geictporo
aHanHaa vyryHa. Beiw clead akieHT Ha HCOolb-
A0BAHHHY YHHEANBHOM TeXHO/I0MHH HCTOYHHKA Tie-
IOLLEro pa3pAla. KOTopasd No3B0/AET IPOBOIHTE 011~
HOBPEMEHHO H MOCACITHBLIA U 06BEMHBIR aHATN3
HEeroMoreHHbIX 06pa3sloB, TAKHUX KaK cephli YyTyH,

AxanuTHueckHe xapaxTepreTHrd GDOES 1 He-
KPOBOH ONTHHECKOH IMUCCHOHHON CIEKTPOMETPHUH
GnMaku B ofIacTH NpaBH/IBHOCTH M Ipeaenos obHa-
py#eHUA. COBpEMEHHEIE AHATHTHYECKHE TEXHO/O0-
rMH, TaKHe KaK CIIEKTPoOMeTPHA eIMHMMHOTO pas-

CHTHAMA, UCTIONBIAYEMBIE Ha HCKPOBBIX CIIEKTPOMET-
pax SPECTRO, noasoiamnT DOTYHMTE CAMEIE HHU3KME
npenens obHapy#eHHA MR AHATHZE YyTYHAE MeTO-
JaMH MCKPOBOH CTIEKTPOMET PHH.

HMexposwie cnekTpoMeTpel SPECTROLAB 1
SPECTROMAX nanGonee noixodaT 4nd ofseMHoro
aHanM3a YuyTyHa B ciay4ae. Korja ObICTpoe BpeMA
aHATH3a ABTASTCH MPHOPHTETHBIM PAKTOROM, T,
ofiuree spema aHanuaa oA GDOES, sxnoyvan aart-
paurBasnmoe Ha MpoGoaroTOBKY M BAKYYMHPOBAHHE
kaMepsl. B 3 pasa GonbLie, YeM IUIA HCKPOBOM Cliek-
TROMETDHH.

ANALYZE OF CAST IRON WITH GLOW DISCHARGE OPTICAL EMISSION SPECTROSCOFY BY

SPECTRUMA GDA.
M.Leenders, T.MNelis, P.A.Kunigonis

Detarmination of the chemical composition of Cast Iran with GDOES technigue is shown in the
article. A bulk analysis of white and grey cast Iron is possible using the GDOES. LoD’s < 10 ppm for
most elements of interest. Reproducibility < 1% even for low concentrations. Comparison the possibilities

of Spark technique and GDOES for are described.
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